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ABSTRACT
RIDGE PRESERVATION COMPARING A FLAP VS. A FLAPLESS
TECHNIQUE USING A DEMINERALIZED BONE MATRIX ALLOGRAFT
PLUS MINERALIZED PARTICULATE ALLOGRAFT AND COVERED WITH A
CALCIUM SULFATE BARRIER
Trever L. Siu, DMD

August 3rd, 2007

Aims. The primary aim of this study is to compare the clinical and histologic results of a
flap vs. a flapless technique of ridge preservation after 4 months of healing. Both groups
received an intrasocket graft of demineralized bone matrix mixed with mineralized
particulate allograft that was covered with a calcium sulfate barrier..

_Methods. Twelve test patients received ridge preservation using the flapless technique
while 12 positive control patients were treated with a flap technique. All sockets were
grafted with a mixture of demineralized bone matrix and a mineralized particulate
allograft. Following tooth extraction horizontal ridge dimensions were measured with a
digital caliper and vertical ridge dimensions were measured from a stent. Each site was
re-entered for implant placement at about 4 months. Prior to implant placement a 2 X 6
mm trephine core was obtained and preserved in formalin for histologic analysis.

v

Results. The horizontal ridge width of the flapless group at the crest decreased from 8.3
± 1.3 mm to 7.0 ± 1.9 mm for a mean loss of 1.3 ± 0.9 mm (p < 0.05) while the flap
group decreased from 8.5 ± 1.5 mm to 7.5 ± 1.5 mm for a mean loss of 1.0 ± 1.1 mm (p <
0.05). There were no statistically significance differences between the two groups (p >
0.05). The mean mid-buccal vertical change for the flap group was a loss of 0.9 ± 1.3
mm (p < 0.05) vs. a loss of 0.5 ± 0.9 mm (p < 0.05) for the flap group. There were no
statistically significant differences between groups for vertical change (p > 0.05).
Histologic analysis revealed 44 ± 10% vital bone for the flapless group and 35 ± 15% for
the flap group. Non-vital bone was 17 ± 13% for the flapless group and 19 ± 12% for the
flap group.
Conclusions:. Crestal ridge width following treatment with a flapless ridge preservation
procedure using a demineralized bone matrix plug allograft and a calcium sulfate barrier
was not significantly different than a flap ridge preservation technique using the same
materials. There was a trend toward less loss of ridge height when the flapless procedure
was used, although the difference was not statistically significant (p > 0.05).
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CHAPTER I

LITERATURE REVIEW

With an increasing use of dental end osseous implants as a tooth replacement
option, tooth extraction has become a significant part of treatment planning in current
dental practices. The events following the extraction of a tooth has been studied in both
animals and humans.

Animal Extraction Socket Healing Sequence

Most of the information about animal socket healing had been studied using the
dog model. The earliest animal studies date back to 1936. Clafin (1936) examined the
histologic healing of extraction sockets up to 31 days in dogs (Table 1). He noted that
healing began with clot formation at day 1, followed by infiltration with osteoclasts at
day 3, followed by bone formation around day 5-7. Complete epithelialization over the
clot occurred around day 7-9 and complete socket fill by day 31. However, despite
complete socket fill, osteoclasts were still present, indicating that healing was not
complete at day 31. In a more recent study by Cardaropoli et al. (2003), the histologic
healing sequence in beagle dogs was expanded over a period of 180 days (Table 2).
Similar to Clafin, Cardaropoli and collaborators reported that socket healing in the dog
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began with the formation of a blood clot at day 1. Subsequent to that, they noted that
neovascularization played a significant role up to day 14 when new bone was formed
along the socket walls. By day 30, in concurrence with Clafin, they observed that the
socket was completely filled with bone.

However, according to Cardaropoli and

coworkers, the bone at day 30 was immature. It is not until day 90 that this woven
(immature) bone had remodeled to become lamellar (mature) bone. By day 180, the
lamellar bone had undergone further remodeling and showed a slight decrease in
mineralization due to the replacement of lamellar bone with bone marrow. Araujo and
collaborators (2005) also examined the histologic socket healing in the dog model using
12 sockets in 12 mongrel dogs over a period of 8 weeks (Table 3). At 1 week, the
internal portion of the socket was occupied by coagulum, which was confined to the
central portion of the socket. At the apical portions of the socket, islands of newly
formed woven bone were noted adjacent to the bundle bone. At 2 weeks, large amounts
of newly formed woven bone were found in the apical and lateral portions of the socket.

Table 1
Animal Extraction Socket Healing 31 Days (Clafin 1936)
Time

Event

Day 1

Blood Clot formation

Day 3

Osteoclast appear at crest of bone and fibroblast emerge
form socket walls

Day 5 to 7

First Bone formation

Day 7 to 9

Epithelialization over clot completed

Day 11 to 15

New bone reaching the alveolar crest

Day 28 to 31

Socket filled with new bone, with osteoclasts still present
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Table 2
Animal Extraction Socket Healing 180 Days (Cardaropoli et al. 2003)
Time

Event

Day 1

Blood clot formation comprising mostly of erythrocytes and platelets

Day 3

Lyses of erythrocytes and clot being replaced by vascularized tissue

Day 7

New blood vessel formation

Day 14

New bone formation on socket walls

Day 30

Socket filled with new bone

Day 90

Woven bone replaced by lamellar bone

Day 180

Some lamellar bone being replaced by bone marrow spaces

The surface of the woven bone was lined with densely packed osteoblasts and included a
primitive bone marrow. At 4 weeks, at the crestal region, all bundle bone had been lost,
and a large portion of the lamellar crestal bone was replaced with woven bone. Apical to
the crestal region, a multitude of osteoclasts were observed on the outer surfaces of the
buccal and lingual walls. By 8 weeks, the lingual wall had become wider than and
positioned 2 mm coronal to the buccal wall.

A zone of mineralized tissue which

consisted of a mixture of woven and lamellar bone had formed between the buccal and
lingual walls. This bridge of mineralized tissue traveled in an oblique direction. The two
major findings of this study were: 1) the bundle bone began to disappear as early as 2
weeks post-extraction, and 2) the buccal wall undergoes a significantly greater amount of
resorption that the lingual wall.
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Table 3
Animal Extraction Socket Healing 56 Days (Araujo et al. 2005)
Time
Day 7
(1 week)

Day 14
(2 weeks)

Day 28
(4 weeks)

Day 56
(8 weeks)

Event
- internal portion of the socket occupied by coagulum
- apical portion showed islands of newly formed woven bone

adjacent to the bundle bone.
- apical & lateral portions showed large amounts of newly formed
woven bone
- surface of the woven bone was lined with densely packed
osteoblasts - primitive bone marrow.
- at the crestal region, all bundle bone had been lost
- crestallamellar crestal bone replaced with woven bone.
- apical to the crestal region, a multitude of osteoclasts were
observed on the outer surfaces of the buccal and lingual walls.
- lingual wall wider than buccal wall
- lingual wall positioned 2 mm coronal to buccal wall
- zone of mineralized tissue which consist of a mixture of woven
and lamellar bone had formed between the buccal and lingual
walls traveling in an oblique direction.

Aside from studies that examined the socket healing with extraction alone, Lindhe
and coworkers in Goteborg examined socket healing with the placement of an immediate
implant.

Berglundh and coworkers (1994) examined the vascular supply around

Branemark implants in beagle dogs. It was observed that the blood vessels of the periimplant mucosa were found to be terminal branches of larger vessels from the periosteum
of the bone of the implant site.

The peri-implant supracrestal connective tissue, in

contrast to a tooth, was almost devoid of vascular supply. Carmagnola and coworkers
(2000) examined the histologic healing around implants placed in sites previously grafted
with BioOss.

They utilized 16 surgically-created defects in 4 beagle dogs.

They

reported that osseointegration failed to occur at the implant surfaces, and a well-defined
connective tissue capsule was present between the implant surface, as well as, a deep
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vertical bone defect frequently present along the lingual surface of the implant. Botticelli
and coworkers (2004) examined the effects of 3 different surgically-created defect
configurations on bone healing around the implant. They observed that the 4-wall defects
fully resolved following implant placement. In contrast, the other 2 defects with the
buccal plates intentionally removed, incomplete healing was present.

Botticelli and

coworkers (2005) in a follow-up study, examined the effects of implant surface, implant
position, and the presence of a combined horizontal and vertical residual peri-implant
defect on osseointegration in Labrador dogs. After 4 months of healing, regardless of
whether the implant was placed in a submerged or non submerged position, a substantial
amount of bone fill and a high degree of osseointegration was noted around roughened
implants compared to machined implants. The results of this study suggest that implant
surface characteristics played an important role in the amount of hard tissue fill and level
of osseointegration.

Araujo and coworkers (2005) studied the effects of immediate

implant placement on the dimensional alterations of the alveolar ridge in the beagle dog
model. They compared sites, which received an immediate implant to a contralateral site,
which received extraction alone over a period of 3 months. The results revealed that
marked dimensional alterations had occurred in the extraction alone sites.

More

importantly, the placement of an immediate implant failed to prevent the remodeling that
occurred in the socket walls. Therefore, after 3 months of healing, the heights of the
buccal and lingual walls were similar for both groups.

The authors cautioned that

following tooth removal, the changes in ridge dimensions associated with immediate
implant placement must be considered.
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Human Extraction Socket Healing Sequence

Various authors studied the extraction socket healing sequence in humans. Amler
(1960) examined histologically, a total of 75 human extraction sockets over a period of
50 days. In a study consisting of 12 clinical patients requiring extraction of all remaining
maxillary teeth, Boyne (1966) examined the histological healing of one of the maxillary
first premolar sockets over 23 days. Evian (1982) examined the histologic healing in 10
patients over a span of 16 weeks. Biopsies were taken at 4, 6, 8, 10, 12, and 16 weeks
post-extraction. In general, the human healing sequence followed a similar pattern to the
dog model (Table 4).
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Table 4
Human Extraction Socket Healing over 100 Days
Time

Event

Day 1

Blood clot formation

Day 2-3

Granulation tissue appears

Day 4

Contraction of the blood clot begins

Day 20

Connective tissue replaces the granulation tissue

Day 7-10

New bone formation

Day 14

113 socket filled, Boyne (1966)

Day 38

2/3 socket filled, Amler (1960)

Day 100

Radiopacity of socket was identical to surrounding bone, Amler
(1960)

One of the initial events in the healing sequence of both dog and human models is the
formation of a blood clot at day 1 (Clafin 1936, Amler 1960). The first evidence of new
bone formation in dogs was seen around day 5 and along the lateral aspect of the socket
by day' 11 (Clafin 1936). In humans, the first evidence of new bone was not detected
until day 7-10. Complete socket fill was observed around day 30 in dogs. This is in
contrast to Amler, who noted that only 2/3 of the socket was filled at day 38, and to
Boyne, who reported only 113 of the socket filled at day 14. Mature, lamellar bone was
seen in dogs at day 90 (Cardaropoli et al. 2003), and this was not evident until day 100 in
humans (Amler 1960). Table 5 outlines a comparison of the socket healing sequence
between the dog and human models.
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Table 5
Events In Extraction Socket Healing
Event

Time

Species

Study

oto 3 days

Dog

Claflin (1936)

oto 1 day

Human

Amler et al. (1960)

3 days

Dog

Claflin (1936)

Fibroblast Proliferation

2 to 35 days

Human

Amler et al. (1960)

Osteoclast activity

3 to 31 days

Dog

Claflin (1936)

5 to 31 days

Dog

Claflin (1936)

7 days

Human

Amler et al. (1960)

10 days

Human

Boyne (1966)

28 days

Human

Evian et al. (1982)

First evidence of new bone

5 days
7-10 days

Dog
Human

Clafin (1936)
Amler (1960)

Complete socket fill

30 days

Dogs

Clafin (1936)

113 socket fill

14 days

Human

Boyne (1966)

2/3 socket fill

38 days

Human

Amler (1960)

Blood Clot Formation

Osteoblast activity

Mature bone present

90 days
Dog
100 days
Human
Alveolar Ridge Resorption Following Tooth Extraction

Cardaropoli et al. (2003)
Amler (1960)

There have been many reports on the loss in height and width of bone following
tooth extraction. Most of the bone that is lost occurs soon after the tooth is extraoted.
Loss of alveolar ridge width and height can be problematic if an endosseous dental
implant is used as a tooth replacement option because there must be an adequate
of bone surrounding the dental implant.

am~unt

The most critical question regarding. the

resulting ridge is the loss of horizontal dimension. The ridge position plays a critical role
on dental implant placement and the subsequent occlusal relationship.
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Most

st~dies

report that most of the ridge resorption occurs on the buccal, resulting in a shift of the
center of the ridge towards the palatal/lingual. Pietrokovski and MassIer (1967) studied
149 dental casts with one tooth missing. They found that the buccal surface of both. the
maxilla and the mandible resorb more than the lingual/palatal sides with a distinct shift of
the center of the ridge to the palatal/lingual. The amount of facial resorption varies
considerably between individual sites, however, there are several studies that have
quantitated mean resorption. Schropp et al. (2003) evaluated 46 patients with a

si~gle

premolar or molar extraction over a 12-month period and found that most (2/3) resorption
happened within the first 3 months. Yilmaz et al. (1998) examined 5 patients (10 sites)
with a single maxillary incisor extraction over a 12-month period and noted a [7%
decrease in ridge width based on study cast measurements. The amount of buccal-li~gual
ridge resorption after tooth extraction has been reported from 17-60% with the rjidge
height decreasing by 1 mm, (Lekovic et al. 1997, Lekovic et al. 1998, Yilmaz et al. IP98,
Camargo et al. 2000, Schropp et al. 2003, Iasella et al. 2003). Based on the data ~rom
these studies, it appears that mean change in ridge width following tooth extraction varies
substantially, and this broad range should be considered whenever dental implants are
considered as a future tooth replacement option. Table 6 consists of a list of studies! that
examined the mean change in the horizontal and vertical ridge dimensions following
tooth extraction alone.
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Table 6
Extraction Alone Studies
Extraction Alone Studies
Study

I

,

Reentry
Time

Mean
Horizontal

Percent
Horizontal

(months)

Change

Change

Mean V ertic~1
Change

Lekovic et aI. 1997

6

-4.43 ± 0.52

-63.3%

-0.88 ± 0.26

Lekovic et aI. 1998

6

-4.59 ± 0.23

-61.2%

-1.50 ± 0.21

Yilmaz et aI. 1998*

12

-0.75 ± 0.59

-17.0%

-1.35 ± 1.05 :

Camargo et aI. 2000

6

-3.06 ± 2.41

-40.8%

-1.00 ± 2.251

4-6

-2.63 ± 2.29

-29.1%

-0.90 ± 1.60

12

-6.1 ± 3.00

-50.8%

-0.20 ± 1.60:

Iasella et aI. 2002
Schropp et aI. 2003*

,

1

* = measured from study casts

Ridge Preservation

With increasing demand for optimal esthetics, dental implants have gatned
enormous popularity as the ideal tooth replacement option. This translates into

incre~sed

utilization of ridge preservation in the field of periodontal plastic and reconstru¢tive
surgery.

The goal of ridge preservation is minimizing bone loss to preserve the

maximum final, healed ridge dimensions. Despite the use of this grafting procequre,
there will still be some horizontal and vertical loss of healed ridge dimension. Rtdge
preservation can be done using either a soft tissue or a hard tissue graft. Hard

ti~sue

grafts, which preserve the bony architecture of the ridge, are very important if an
endosseous implant will be used to replace the missing teeth. Implants need support (rom
the bone to maintain function; this means that there must be sufficient amount of bone (at
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least 1 mm surrounding the implant in all directions). Ashman (2000) noted that when an
extraction takes place and ridge preservation is not utilized the site of extraction could
lose 40% to 60% of bone height and width within 2 to 3 years and subsequent loss of
0.25% to 0.5% annually. Similarly, lasella (2002) reported as much as 4 mm loss of
ridge width in extraction alone sites over 6 months. By performing an atraumatic tpoth
extraction, this dramatic change in ridge dimensions can be minimized. Garg (2001)
noted that there are 5 careful steps in extracting a tooth atraumatically; 1) do not reflect
the interdental papilla (especially in the esthetic zone), 2) focus on the actual

proce~s

of

tooth removal, 3) use elevators and forceps properly to reduce bony involvement! and
preserve bone contours, 4) section the tooth to help prevent bone loss, and 5) remove; any
soft tissue fragments or pathology. After extracting a tooth atraumatically, the type of
bone defect present can be determined and this bone defect will influence the choice in
the type of ridge preservation.

According to Garg (2001), the bone defect carl be

categorized into one of the following categories: five-walled, four-walled, three-walled,
two-walled, or one-walled defects.
Comparison studies have shown that intrasocket ridge preservation prevents most
but not all ridge resorption. Lekovic et al. (1997) compared an extraction alone versus a
non-resorbable barrier membrane (Gore-Tex) and Lekovic et al. (1998) compared an
extraction alone versus a resorbable barrier membrane (Resolut®). In both studies, the
teeth that were included were anterior teeth or premolars, which were atraumatically
extracted and primary closure of the preservation sites obtained. Reentry in both studies
occurred 6-months post-extraction. The results showed that either the non-resorbable
(Gore-Tex) or the resorbable (Resolut®) barrier membranes both provided comparable
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results with only an average of 0.35 mm of vertical resorption and an average of only
1.53 mm (20%) buccal-lingual resorption. Results from Lekovic et al. (1997, 1998)
reveal that the horizontal loss of bone in the non-resorbable group (Gore-Tex) was 1.73
mm, while in the resorbable membrane (Resolut®) group was 1.32 mm and fot the
control group which did not receive any type of ridge preservation lost on averag¢ 4.5
mm. The non-resorbable membrane sites on average had 3.70 mm (2.5-times) less
horizontal width than sites treated with extraction alone while the resorbable

lo~s

in

mem~rane

sites had 3.27 mm (3.5-times) less loss in horizontal width than sites treated with
extraction alone. These two studies show that there is not much difference between. the
two experimental groups of resorbable vs. non-resorbable membrane for ridge
preservation. The results did show that ridge preservation techniques utilizing either
resorbable or non-resorbable barrier membranes greatly decrease the amount of
horizontal and vertical bone resorption.
Yilmaz and coworkers, in a 16-patient, 27-socket study comparing the

us~

of

bioactive glass (PerioGlas®) cones in fresh maxillary incisor extraction sites vs.
extraction alone, demonstrated that the use of bioactive glass (PerioGlas®) cQnes
provided a slight gain (0.2 mm) in ridge width, and minimal (0.1 mm) loss of ridge height
over a period of 12 months. This was in contrast to the extraction alone group, which
demonstrated a much greater loss of ridge width (0.75 mm), and ridge height (1.35 mm).
Measurements were made on study casts.
Camargo and coworkers, in a 6-month reentry, 32 nonmolar ridge preserva(tion
study examined the use of bioactive glass (BioGran®) and calcium sulfate (Capset®) vs.
extraction alone. They reported that the mixture of bioactive glass (BioGran®) and
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calcium sulfate (Capset®) resulted in a mean loss of ridge width and height of 3.48 mm
and 0.4 mm, respectively. In contrast, the extraction alone group showed slightly less
loss in ridge width (3.06 mm), and a greater loss in ridge height (1.0 mm) over 6 months.
Iasella and coworkers, in a 4 to 6-month reentry study used 24 sockets and compared the
use of freeze-dried bone allograft (FDBA) to extraction alone. After 4 months of healing,
the sites grafted with FDBA gained 1.3 mm in ridge height and lost only 1.2 mm in ridge
width, in comparison to the extraction alone group, which had twice the amount of loss in
ridge width (2.6 mm), and 0.9 mm loss in ridge height.
In addition to the comparison studies, others have compared the effects of various
different graft materials on the preservation of ridge dimensions. Nemcovsky and Setfaty
(1996), in a 12-month, 23-patient, 23-socket study using non-resorbable hydroxyapatite
(RA) crystals, showed a loss of ridge width of 0.6 mm and a loss of ridge height of 1.4
mm over 1 year.

Simon et al. (2000) in a 4-month reentry study using particulate

DFDBA as an intrasocket and a buccal overlay graft along with a barrier membrane
(Resolut XT®), reported a mean net loss of approximately 1.0-1.5 mm of ridge height
(15-76%) and a gain of about 1.0 mm in width (39-67%). The loss in ridge width was
greatest at 3 mm apical to the alveolar crest, and decreased apically.

Zubillaga and

coworkers (2003), in a 4-month reentry, lO-patient, ll-socket study comparing the use of
DFDBA (Regenafil®) and resorbable barrier membrane (Resolut®) with or without
fixation, reported that the mean change in ridge dimensions over 4 months resulted in a
loss of 1.8 mm width, and a gain of 1 mm height, respectively. Vance and coworkers
(2004), in a 4-month reentry, nonmolar study using 24 extraction sockets comparing the
use of anorganic bovine bone matrix (BioOss®) to a mixture of calcium sulfate and
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carboxymethylcellulose (CaIMatrix®), demonstrated that both groups resulted in a loss
of ridge width of 0.5 mm. The BioOss® group showed a gain in ridge height of 0.7 mm,
while the CalMatrix® group showed a loss of 0.3 mm. In a follow-up, 4-month reentry,
nonmolar study by Adams and coworkers (2006) comparing the two different ridge
preservation techniques: 1) intrasocket FDBA alone vs. 2) intrasocket plus a buccal
overlay (extrasocket) FDBA, showed that the intrasocket alone group resulted in a loss of
ridge width of 2 mm and no change in ridge height. In contrast, the overlay group
showed a loss of 1.4 mm and a gain in ridge height of 2.2 mm.
As is evident from all the aforementioned studies, despite the use of ridge
preservation techniques to minimize the amount of bone resorption after an extraction, a
minimal loss (mean 2.16 mm) of ridge width and height may still occur. On the other
hand, if ridge preservation was not performed, a substantial decrease in ridge width,
ranging from 30-60% (2.7 to 6.1 mm) over 4-6 months can be anticipated (Lekovic et al.
1997, Lekovic et al. 1998, Iasella et al. 2003, Schropp et al. 2003).
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Table 7
Ridge Preservation Studies

Study
Nemcovsky &
Serfaty 1996

Reentry
Time
months

Treatment

Mean
Horizontal
Change

Percent
Horizontal
Change

mm

Mean
Vertical
Change
mm

Nonresorbable
12

-0.6 ± 0.66

N/A:j:

-1.4 ± 0.50

HA crystals

Lekovic et al. 1997

6

ePTFE

-1.7 ± 0.56

-13.7%

-0.3 ± 0.26

Lekovic et al. 1998

6

Resolut

-1.3 ± 0.21

-17.8%

-0.4 ± 0.20

Yilmaz et al. 1998·

6

+0.2 ±0.52

+3.6%

-0.1 ± 0.87

-3.5 ± 2.68

-44.3%

-0.4 ± 3.18

+1.1 ± NG*

-53.3%

-1.4 ± NG*

-1.8 ± NG*

-16.8%

+1.0 ± NG*

-1.2 ± 0.93

-13.0%

+1.3 ± 2.00

-0.5 ± 0.8

-5.2%

+0.7 ± 0.4

-0.5 ± 0.8

-5.6%

-0.3 ± 0.6

-2.0± 0.9

-21.2%

0.0 ± 1.8

-1.4 ± 1.0

-16.5%

+2.2 ± 2.65

PerioGlas
cones
BioGran
Camargo et al. 2000

6
Capset
DFDBAI

Simon et al. 2000

4
ResolutXT®

Zubillaga et al. 2003

4

lasella et al. 2003

4

Regenafil
FDBAI

BioMend

BioOssl
Vance et aI. 2004

4
BioGide
CalMatrixl

Vance et al. 2004

4
Capset
Intrasocket

Adams et al. 2005

4
FDBA
Intrasocket +

Adams et a1. 2005

4

Buccal overlay
FDBA

=

:j: no baselIne measurements reported, unable to determme percentage
* NG =not given in article
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Histologic Evaluation of Ridge Preservation

The goal of ridge preservation procedures is to prevent the collapse of the ridge
by allowing the alveolar socket to fill in with as much bone volume as possible. The
ideal bone grafting material will promote vital host bone to rapidly repopulate the socket
and minimize the loss of ridge dimensions.

It is very important to evaluate from a

histologic point of view to determine how much bone is present relative to the amount of
trabecular space. A bone quality index has been described by Lekholm and Zarb (1985)
which includes Type I bone being homogenous compact bone, Type II being a thick layer
of compact bone surrounding a core of dense trabecular bone, Type III being a thin layer
of cortical bone surrounding dense trabecular bone of favorable strength and Type IV
being a thin layer of cortical bone surrounding a low-density trabecular bone. Type I
bone is preferred for implant placement since it has the highest density of cortical bone
and Type IV is the least preferred due to its very low density.

Extraction alone studies

When extraction sockets are left alone and heal without any type of ridge
preservation procedure the amount of vital bone present after 4-8 months of healing range
from 33-54% with 34-67% of trabecular space (Iasella et al. 2003, Froum et al. 2002,
Serino et al. 2003).

In the canine model performing extraction alone in 9 sockets,

Cardaropoli et al. (2003) reported only 15% vital bone and 85% trabecular space over 6
months. Histologic results from autogenous bone grafts have consisted of vital
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(osteocytes within the lacunae) bone, non-vital bone, vascular channels, osteoblasts and
secondary osteon formation. Cement lines usually surround the non-vital bone, which
joins the immature new bone with the non-vital bone chips (Becker et al. 1994, 1996,
1998).

Allograft studies

Studies of demineralized freeze-dried bone allograft (DFDBA) used in ridge
preservations procedures have reported conflicting results. Several studies have found
that DFDBA particles are still present in biopsy cores resulting in non-vital DFDBA
particles (Smukler et al. 1999, Froum et al. 2002, Vance et al. 2003). It has been reported
that DFDBA has osteoinductive properties and should induce bone growth, but in several
histologic samples the DFDBA particles are encapsulated in fibrous connective tissue
with no evidence of either osteoblastic or osteoclastic activity (Becker et al. 1994, 1996,
1998). If DFDBA particles do not provide any osteoinductive properties, it is believed
they might interfere with normal bone formation and may weaken the bone at the grafted
site (Becker et al. 1994).

The amount of non-vital bone graft particles remaining

compared to the amount of vital bone may be an important factor. Several studies have
reported that DFDBA particles do resorb and in some cases fully resorb leaving only vital
bone (Froum et al. 2002, Smukler et al. 1999). Ridge preservation utilizing DFDBA has
been seen histologically to have DFDBA particles surrounded by intimately apposed
woven and lamellar bone with distinct cement lines and a lack of fibrous encapsulation.
Osteoblasts were seen lining endosteal spaces and the new bone marrow exhibited a mild
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degree of fibrosis without signs of inflammatory reaction (Brugnami et al. 1996, 1999,
Smukler et al. 1999).

Vance et al. (2004) examined 12 sockets grafted with a

combination of DFDBA and an alloplastic putty consisting of calcium sulfate and
carboxymethylcellulose (CaIMatrix®) over 4 months. They reported 61 % vital bone, 3%
non-vital bone, and 36% trabecular space. The percentage of vital bone present after
utilizing DFDBA in ridge preservation ranged from 35 to 60% with only 3-14% having
non-vital bone (Smukler et al. 1999, Froum et al. 2002). Becker et al. (1996, 1998)
reported more residual graft particles and fibrous encapsulation, which may be due to
their failure to use an occlusive barrier membrane.
Freeze dried bone allograft (FDBA), has also been used in ridge preservation
procedures and showed a histologic result of 28% vital bone, 37% non-vital bone and
35% trabecular space over 4-6 months (lasella et al. 2003). The residual FDBA particles
were often surrounded by vital woven or lamellar bone, or were encapsulated in fibrous
connective tissue. The residual graft material was higher than the amount with DFDBA,
which may be due to the shorter healing period of 4-6 months vs. up to 48 months for
DFDBA.

Xenograft studies

Xenografts, mostly anorganic bovine bone, have also been utilized in ridge
preservation procedures with similar results to allografts. Generally, bone encircled and
adhered to the grafted particles in a concentric and/or lamellar arrangement.

Newly

formed bone was observed, mostly in direct connection with the grafted particles (Artzi et
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al. 1998, 2001, Vance et al. 2004, Froum et al. 2004). Vance et al. (2004) showed that
BioOss® had 26% vital bone with 16% non-vital bone and 58% trabecular space after 4
months of healing. This agrees with a 6-month study of 6 sockets grafted with BioOss®
by Zitzmann et al. (2001) where they reported 27% vital bone, 30% non-vital bone, and
43% trabecular space. In contrast, Artzi et al. (2000) grafted 15 sockets in 15 patients
using BioOss® reported much greater percentage of vital bone at 46%, along with 31 %
non-vital bone, and 23% trabecular space over 9 months. Froum et al. (2004) grafted 8
sockets with a nonresorbable anorganic bovine bone substitute (OsteoGraf RlN-300), 4 of
which was combined with an ePTFE barrier, and the other 4 with Alloderm (ADM) as a
barrier over 6-8 months. In the OsteoGraf/ePTFE group, they reported 18% vital bone,
21 % non-vital bone, and 61 % trabecular space. In the OsteoGraf/ADM® group, 42%
vital bone, 13% non-vital bone, and 45% trabecular space. The difference in the amount
of vital bone between the two groups could possibly be attributed to the choice of barrier
used. The vascular channels in the Alloderm may have provided better revascularization
compared to the ePTFE barrier.

Alloplast studies

Alloplastic materials such as bioactive glass, hydroxyapatite (RA) and calcium
sulfate have shown percentage vital bone around 35-60% (MacNeill et al. 1999, Froum et
al. 2002, 2004 and Guarnieri et al. 2004). Alloplasts are well tolerated by the host and
have been shown to be osteoconductive in nature, but not osteoinductive. Guarnieri et al.
(2004) in a 10 socket study utilizing medical grade calcium sulfate hemi-hydrate in
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extraction sockets and found at 3 months that 100% of the graft had been resorbed and
that there was 58% vital bone present throughout the preservation site. The site was also
devoid of any inflammatory cells and connective tissue.

The resorption time with

calcium sulfate is much faster than the xenografts or the allografts mentioned above.
MacNeill et al. (1999) compared the osseous healing of 4 different alloplasts:
hydroxyapatite (HA, OsteoGraf/P), bioactive glass #1 (BioGran® 300-360 Jim), bioactive
glass #2 (PerioGlas® 90-710 Jim), and calcium sulfate (Capset®) with autogenous bone,
in osteotomy sites surgically created in rabbit tibia over 28 days. All graft sites showed
evidence of new bone formation at 28 days with the Cap set + autogenous bone showing
the greatest mean percentage of vital bone (58.8%) and PerioGlas® showing the least
(40.4%), while the BioGran and OsteoGraf/P group both showed 41.8% vital bone.
Froum et al. (2002) treated 19 human sockets with BioGran® and reported similar results
with 59% vital bone, 6% non-vital bone, and 35% trabecular space over 6-8 months.
Froum et al. (2002) treated 8 sockets with absorbable HA (OsteoGraf RlLD), 4 of which
were combined with an ePTFE barrier, and the remaining 4 with an Alloderm® (ADM)
barrier. After 6-8 months of healing, the HA/ADM group showed 35% vital bone, 4%
non-vital bone, and 62% trabecular space, while the HA/ePTFE group showed 28% vital
bone, 12% non-vital bone, and 61% trabecular space.

In contrast, Luczyszyn et al.

(2005) grafted 15 sockets in 11 patients using absorbable HA (Algipore®) with an ADM
barrier over 6 months. They reported only 1% vital bone, 42% non-vital bone, and 57%
trabecular space. In contrast, Serino et al. (2003), in a non-graft study, treated 34 sockets
in 32 patients over 6 months with a bioabsorbable polylactide/polyglycolic acid sponge
(Fisiograft®) to encourage vascular ingrowth. They reported 67% vital bone and 33%
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trabecular space. These results compare well to the results seen by Vance et al. (2004)
with DFDBA and the calcium sulfate putty (CaIMatrix®) and Guarnieri et al. (2004) with
the medical grade calcium sulfate.

Summary of histologic results

When analyzing the histologic findings, the studies demonstrate that when ridge
preservation procedures are performed with a variety of

graft~ng

materials, including

allografts (DFDBA, FDBA), xenografts (anorganic bovine bone mineral), alloplasts
(hydroxyapatite, calcium sulfate, and polylactide/polyglycolic acid sponge), the
percentage of vital and nonvital bone as well as trabecular space varies considerably.
The percentage of vital bone ranged 1-67%. The percentage of non-vital bone ranged
from 0-42%. The amount of trabecular space present ranged from 33-85%.

Table 8
Comparison of Histologic Data on Extraction Alone studies
% Trabecular

Species

Healing
months

% Vital Bone

Dogs

6

15.0

85.0

Iasella et al. 2003

Human

4-6

54.0

46.0

Froum et al. 2002

Human

6-8

32.4

67.6

Serino et al. 2003

Human

6

44.0

56.0

Author/Yr
Cardaropoli et al. 2003
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Table 9
Comparison of Histologic Data on Ridge Preservation studies

AuthorlYr

Graft
Material

Particle
Size

Healing
months

% Vital
Bone

% NonVital
Bone

%
Trabecular
Space

8-23

38.6

5.6

55.8

6-8

34.7

13.5

51.8

4

61.0

3.0

36.0

4-6

30.1

34.7

35.2

4

26.0

16.0

54.0

9

46.3

30.8

42.6

6

26.9

30.5

42.6

4

42.0

13.0

45.0

4

18.0

21.0

61.0

6-8

59.5

5.5

35.0

1

41.8

NG

NG

1

40.4

NG

NG

1

41.8

NG

NG

4

35.0

4.0

62.0

4

28.0

12.0

61.0

6

1.0

42.0

57.0

Allografts
Smukler et

aI. 1994
Froum et al.

2002
Vance et al.

2004
Iasella et al.

2003

DFDBA
DFDBA
DFDBA/putty
(CalMatrix® )
FDBA

250 to
350 !-lm
250 to
500 !-lm
500-1000

!-lm
500-1000

!-lm

Xenografts
Vance et al.

2004
Artzi et al.

2000
Zitzmann et
al. 2001
Froum et al.

2004
Froum et al.

2004

BioOss®
BioOss®
BioOss®
OsteoGraf
RlN300 +
ADM
OsteoGraf
RlN300

+ePTFE

250-500

!-lm
250-1000

!-lm
250-1000

!-lm
250-420

!-lm
250-420

!-lm

Alloplasts
Froum et al.

2002
MacNeill et
al. 1999
MacNeill et
al. 1999
MacNeill et

aI. 1999
Froum et al.

2004
Froum et al.

2004
Luczyszyn
et al. 2005

Bioactive Glass
(BioGran®)
Bioactive Glass
(BioGran®)
Bioactive Glass
(PerioGlas®)
HA
(OsteoGraflP)
HA (OsteoGraf
RlLD)+ADM
HA (OsteoGraf
RlLD) +
ePTFE
HA
(Algipore®)

300-355

!-lm
300-360

!-lm
90 to 710

!-lm
NG
250-420

!-lm
250-420

!-lm
NG
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+ ADM
Guarnieri et Calcium
Sulfate
al.2004
Calcium
MacNeill et Sulfate
(CapSet®) plus
al. 1999
autogenous

NG

1

3

58.0

0.0

NG

NG

58.8

NG

NG

6

67.0

0.0

33.0

Non-graft study
Polylactidel
Poly glycolic
acid sponge
(Fisiograft® )
*NG= not given in article
Serino et al.
2003

NG

Summary of Literature Review

Based on a review of the literature on extraction alone studies using the animal
and human models, the healing sequence of an extraction socket begins with the
formation of a blood clot around day 1, followed by neovascularization around day 3, and
subsequent new bone formation starting at around 5-7 days (Clafin 1936, Cardaropoli et
al. 2003, Amler 1960, Boyne 1966, Evian 1982). Complete socket fill was noted at day
30 in dogs (Clafin 1936), while only 2/3 of the socket was filled in humans at day 38
(Amler 1960). Mature, lamellar bone was seen as early as 90 days in dogs (Cardaropoli
et al. 2003), and this was not present until day 100 in humans (Amler 1990).
Studies examining the histologic healing of the extraction socket have shown that
when extraction sockets are left alone and heal without any type of ridge preservation
procedure, the amount of vital bone present after 4-8 months of healing range from 3354% with 34-67% of trabecular space (lasella et al. 2003, Froum et al. 2002, Serino et al.
2003). In contrast, in the canine model, Cardaropoli and coworkers (2003) reported only
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1S% vital bone and 8S% trabecular space over 6 months. More importantly, Araujo and
coworkers (200S), in an 8-week study using the canine model, reported that the bundle
bone began to disappear as early as 2-weeks post-extraction, and the buccal wall
undergoes a greater amount of resorption than the lingual wall.
Reports of histologic results from autogenous bone grafts have yielded mostly of
vital bone (osteocytes within the lacunae). Studies using allografts (DFDBA, FDBA) for
ridge preservation (Smukler et al. 1994, Froum et al. 2002, Vance et al. 2004, Iasella et
al. 2003) have yielded variable results. Percentage of vital bone ranged from 30-61 %,
% non-vital bone ranged from 3-3S%, while % trabecular space ranged from 3S-S6%.
This broad range of results could be attributed to the broad range in reentry time of 4-23
months.

Ridge preservation studies using xenografts (BioOss®, OsteoGraf) showed

similar results to allografts with a range of 18-46% of vital bone, 13-31% of non-vital
bone, and 43-61 % of trabecular space. A broader range of results was seen with studies
using alloplasts (BioGran®, PerioGlas®, Algipore®, hydroxyapatite, calcium sulfate).
From these studies, a range of 1-60% of vital bone, 4-42% of non-vital bone, and 3S-S7%
of trabecular space over 1-8 months was reported.

Lastly, Serino and coworkers

examined the use of a polylactide/polyglycolic acid sponge (Fisiograft®) for ridge
preservation and they reported 67% vital bone, an absence of non-vital bone, and 33%
trabecular space.
Alveolar ridge resorption has been reported as a common sequelae following
tooth extraction. Loss of alveolar ridge width and height can be problematic if a dental
implant was selected as the tooth replacement option.

While the dimensions of the

healed alveolar ridge determine the feasibility for the placement of a dental implant, the

24

immediate, post-extraction ridge dimensions are equally important. Table 10 summarizes
the root dimensions at the cervix as categorized by tooth types.

Table 10
Root Dimensions at the Cervix by Tooth Types (Ash-Wheeler 6th Edition 1984, Woefe11990)
Tooth Types

Bucco-lingual/palatal
dimensions mm

Mesio-distal dimensions
mm

Ash-Wheeler

Woelfel

Ash- Wheeler

Woelfel

Mandibular incisors
Central
Lateral

5.3
5.8

5.4
5.8

3.5
4.0

3.5
3.8

Maxillary incisors
Central
Lateral

6.0
5.0

6.4
5.8
Mx:7.6
Mn:7.5

7.0
5.0

6.4
4.7

5.5

Mx: 5.6
Mn: 5.2

Mandibular & Maxillary
canines

7.0

Mandibular 1st premolars

6.5

7.0

5.0

4.8

Mandibular 2nd premolars

7.0

7.3

5.0

5.0

Maxillary premolars (l st &
2nd )

8.0

Mandibular 1st molars

9.0

Mandibular 2nd molars

1st: 8.2

1st: 4.8
5.0

2nd : 4.7

10.7

9.0

7.9

9.0

10.7

8.0

7.6

Mandibular 3rd molars

9.0

10.4

7.5

7.2

Maxillary 1st molars

10.0

9.0

8.0

9.2

Maxillary 2nd molars

10.0

8.8

7.0

9.1

Maxillary 3rd molars

9.5

8.9

6.5

9.2

2

nd

:

8.1

As is evident from Table 10, different tooth types possess different bucco-lingual/palatal
and mesio-distal dimensions. In general, incisors are the smallest, while molars are the
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widest in dimension. As a result, ridge preservation becomes increasing critical for the
smaller tooth types (especially, mandibular incisors) since even a small amount of
horizontal ridge resorption can be detrimental.
Despite the use of a bone graft to preserve alveolar ridge dimensions, most studies
have reported a net loss in horizontal and/or vertical ridge dimensions. Simon et al.
(2000) in a 4-month reentry study using particulate DFDBA as an intrasocket and a
buccal overlay graft along with a barrier membrane (Resolut XT®), reported a mean net
loss of approximately 1.0-1.5 mm of ridge height (15-76%) and width (39-67%). The
loss in ridge width was greatest at 3 mm apical to the alveolar crest, and decreased
apically.
The goal of ridge preservation is to minimize the amount of ridge resorption after
an extraction. As was evident from the extraction alone studies reviewed (Lekovic et al.
1997, Lekovic et al. 1998, Yilmaz et al. 1998, Camargo et al. 2000, Iasella et al. 2002,
Schropp et al. 2003), the change in ridge width following tooth extraction varies
substantially, and this broad range (30-60%) may have a profound influence on the future
tooth replacement options available.
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CHAPTER II
METHODS

Study design.

Twenty-four patients were invited to participate in this

randomized, controlled, blinded clinical trial. By random selection, using a coin toss,
twelve positive control patients were selected to receive an intrasocket mineralized
particulate allograft composed of cortical and cancellous chips 750 to 1400 Jlm
(MinerOss, BioHorizons, Birmingham, AL) plus a demineralized bone matrix allograft
(Grafton Matrix Plug, BioHorizons, Birmingham, AL), collectively referred to as DBM,
and covered by a calcium sulfate barrier (CaIForma®, Lifecore Biomedical, Inc, Chaske,
MN) using a full-thickness flap technique.

Twelve test patients received the same

intrasocket DBM allograft covered by a calcium sulfate barrier using a flapless technique.
Each patient received a post-surgical regimen of 50 mg of doxycycline hyclate (Warner
Chilcott Inc. Morris Planes, New Jersey) 1 tab qd for 2 weeks; 375 mg of naproxen
sodium (Geneva Pharmaceuticals, Inc. Broomfield, CO) 1 tab q 12h for 1 week;
chlorhexidine 0.12% (Colgate Oral Pharmaceutical Canton, Massachusetts), twice daily,
and analgesics as needed.
At 4-months post-surgery, a trephine core was taken from the grafted site
immediately prior to implant placement and submitted for histologic preparation using
hematoxylin and eosin staining.
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Figure 1
24 Patients
1 extraction socket bordered by at least 1 tooth
Future Implant Placement

I

I

I
12 Test
Ridge Preservation
Flapless + DBM
CaS04 Barrier

12 Positive Control
Ridge Preservation
Flap +DBM
CaS04 Barrier

I

I

I
Trephine core at 4 months
Implant Placement

o

4 months
Vertical measures with a stent
Horizontal caliper measures
Probing measures
Standardized radiograph
Trephine core

Vertical measures with a stent
Horizontal caliper measures
Probing measures
Standardized radiograph

Patient Selection
Inclusion criteria
1 Have one non-molar tooth requiring extraction that will be replaced by a dental
implant. The site must be bordered by at least one tooth.

2

Must be at least 18 years old.
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3) Must sign an informed consent approved by the University of Louisville Human
Studies Committee.

Exclusion Criteria
1) Debilitating systemic diseases, or diseases that affect the
periodontium.
2) Molar teeth.
3) Allergy to any material or medication used in the study.
4) Require prophylactic antibiotics.
5) Previous head and neck radiation therapy.
6) Chemotherapy in the previous 12 months.
7) Long term NSAID or steroid therapy.

Post-Surgical Exclusion
Any site that is excluded after surgery will be reported and accounted for. Sites will be
excluded if there is:
1) Loss of graft or barrier material.
2) Unanticipated healing complications that will adversely affect treatment results.

Presurgical Management
Each patient received a diagnostic work-up including standardized periapical
radiographs (Appendix D), study casts, clinical photographs, and a clinical examination
to record attachment level, probing depth, recession, and mobility of teeth adjacent to the
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extracted sites. Customized acrylic occlusal stents were fabricated on the study casts to
serve as fixed reference guides for the measurements (Appendix F).
Presurgical preparation included detailed oral hygiene instructions. Baseline data
was collected just before the surgical phase of the treatment. Baseline data will include:

Clinical Measurements

•

Plague index: Silness and Loe 1964 (Appendix A).

•

Gingival index: Loe 1967 - Gingival index (Appendix B).

•

Gingival margin levels: Measured from CEJ to the gingival margin.

•

Keratinized tissue: Measured from the gingival margin to the mucogingival junction

•

Clinical attachment level: Measured from CEJ to the bottom of the clinical
periodontal pocket.

•

Clinical tooth mobility: Measured by using the modified Miller's Index.

•

Horizontal Ridge width: A digital caliper was used to measure total ridge width to
the nearest 10-2 mm at the mid point of the alveolar crest and 5 mm apical to the
crest, measured post-extraction and prior to implant placement.

For the test

(flapless) group, only the crestal ridge width was measured at the post-extraction
time point.
•

Vertical Change in alveolar crest: Measurement from the stent to alveolar crest
minus re-entry stent to alveolar crest values.

•

Soft Tissue thickness: SDM gingival thickness meter, which uses ultrasonic waves to
measure soft tissue thickness, was used to measure 3 mm apical to the soft tissue
crest on buccal and palatal. At 4 months, the SDM gingival thickness meter was
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again used to measure 3 mm apical to the soft tissue crest on buccal and
palatal/lingual with the addition of one measurement at the center of the occlusal
aspect of the ridge.

•

Radiographic examination: A customized stent was constructed using Triad® light
cured resin (Appendix F) and a Rinn-XCP on the patient model (Appendix D) to
ensure standardization of the projection.

•

Clinical photographs .

Surgical treatment
At the surgical appointment, the SDM gingival thickness meter was used prior to
anesthesia to determine soft tissue thickness. Patients were then anesthetized with 2%
lidocaine containing epinephrine in both 1:100,000 and 1:50,000 concentrations.
The main difference between the flapless and flap groups resides in the surgical
treatment. For the flap group, a full-thickness, papilla-sparing, mucoperiosteal flap was
elevated on the buccal and palatal/lingual to expose the alveolar ridge. Teeth were
elevated and atraumatically extracted with periotomes, elevators, and forceps.

Multi-

rooted teeth were sectioned to facilitate the atraumatic extraction process. In contrast, for
the flapless group, the same surgical treatment was performed using a flapless approach.
The extraction socket was then curetted to remove all soft tissue. After flap reflection,
the acrylic stent was used to obtain vertical bone height relative to the stent.
A digital caliper was applied to the ridge to measure the total alveolar ridge width
at the mid-socket crest and 5 mm apical to the crest (only at the crest for the flapless
group at baseline). For the flapless group, a 2 mm core of soft tissue at the level of the
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buccal and palatal/lingual crest was removed using a trephine to facilitate the baseline
clinical measurements of the ridge width. In both the flap and flapless groups, 0.5 cc of
mineralized particulate allograft composed of cortical and cancellous chips was
thoroughly mixed with one package of demineralized bone matrix plug, after each was
hydrated separately. The mixture was placed into the socket to the level of the socket
crest. In the flap group, the flaps were replaced and sutured with 5-0 Maxon sutures. A
set of criss-cross sutures was placed over the bone graft in both groups to serve as a
retentive feature for the calcium sulfate barrier. The calcium sulfate barrier was mixed
according to the manufacturer's instructions, and applied over the bone graft.

The

calcium sulfate was contained by the buccal and palatal/lingual flaps. A second set of
criss-cross sutures was placed over the barrier after it had completely set. Patients were
given naproxen 375 mg (Geneva Pharmaceuticals, Inc. Broomfield, CO), one tab q 12 h,
doxycycline hyclate 50 mg (Warner Chilcott Inc. Morris Planes, New Jersey), 1 tab qd,
chlorhexidine 0.12% (Colgate Oral Pharmaceutical Canton, Massachusetts), twice daily,
and analgesics as needed.
At 4 months, another standardized radiograph was taken.

All baseline

measurements were repeated along with all soft tissue measurements using the SDM
gingival thickness meter at the buccal, occlusal, and palatal/lingual aspects of the
edentulous ridge. Patients were again anesthetized with 2% lidocaine containing both
1: 100,000 and 1:50,000 concentrations of epinephrine, and full-thickness, mucoperiosteal
flaps were elevated on the buccal and palataillinguai. Papilla were again preserved and
not included in the flap design. The acrylic stent was placed and measurements were
obtained of vertical ridge height relative to the stent. The digital caliper was used to
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measure alveolar ridge width at the mid-buccal crestal sites and 5 mm apical to the crest.
A blinded examiners performed all clinical measurements for both the initial and final
data collection points ..
A 2.0 X 6 mm trephine (H & H Company Ontario, California) was used with
copious chilled irrigation to remove a trephine core from the experimental or control site.
The osseous core was removed from the trephine using a periodontal probe that was
placed into a window and elevated. The core was subsequently placed directly into a
bottle of 10% buffered formalin for histologic preservation. An osteotomy site was then
prepared with a surgical handpiece, using copious irrigation, and each patient received an
endosseous root form dental implant. Flaps were replaced, and sutured with 4-0 silk
sutures. Patients were again given naproxen 375 mg, doxycycline hyclate 50 mg and
analgesics as needed.

Histologic analysis.

Trephine cores (2.0 X 6 mm) were decalcified, sectioned and

prepared for histologic analysis using hematoxylin and eosin staining. 12 to 15 step serial
sections were taken from the center of each longitudinally sectioned trephine core. 6
randomly selected fields, 1 per slide if possible, were used to obtain percent cellular bone,
acellular bone, and trabecular space using an American Optics® light microscope at
150X, with a lOX objective and Nikon® 15X reticle eyepieces (Appendix G).

Statistical analysis. For the statistical analysis, a two-way ANOV A test was used to
evaluate the statistical significance of the following:
•

the differences between the two treatment groups
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•

the differences between the initial and 4-month osseous tissue measurements, as
well as, the clinical indices.

Independent groups t-test was performed for the histomorphometric analysis.
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CHAPTER III
RESULTS

A total of 16 females and 8 males with a mean age of 55.0 ± 14.4, ranging from
26 to 78, were enrolled.

The flap group consisted of 1 maxillary central incisor, 7

maxillary premolars, 1 mandibular central incisor, 1 mandibular canine, and 2 mandibular
premolars.

The flapless group consisted of 5 maxillary incisors, and 7 maxillary

premolars. There were 2 smokers in the flap group and 6 in the flapless group. Smokers
were excluded if they smoked more than 1 pack per day.
Clinical Indices. Plaque index, gingival index and bleeding on probing for both
the flap and flapless group had low initial values that changed only slightly by the 4 month
reentry (p > 0.05, Table 13). There were no statistically significant differences between
the flap and flapless groups for these indices (p > 0.05).
Horizontal Alveolar Ridge Width Changes. Flap cases had a mean initial width
at the crest of 8.5 ± 1.5 mm, which decreased to 7.5 ± 1.5 mm at the 4 month reentry for a
significant mean loss of 1.0 ± 1.1 mm (p < 0.05, Table 12). Flapless cases presented with
a mean initial width at the crest of 8.3 ± 1.3 mm, which decreased to 7.0 ± 1.9 mm at the
4 month reentry for a significant mean loss of 1.3 ± 1.0 (p < 0.05). Flap cases presented
with a mean width 5 mm apical to the crest of 9.2 ± 1.6 mm, which decreased to 8.6 ± 1.4
mm for a mean loss of 0.6 ± 1.0 (p > 0.05). There were no ridge width measurements 5
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mm apical to the crest for the flapless group at baseline. At the 4-month reentry, flapless
cases had a mean width 5 mm apical to the crest of 8.0 ± 1.6 mm. There were no
statistically significance differences between flap and flapless groups at the crest or at 5
mm apical to the crest (p > 0.05).

Change in mid-Facial Vertical Height. Over a period of 4 months, the flap
group showed a statistically significant decrease in the mean facial height of 0.9 ± 1.3
mm (p < 0.05). In the flapless group, there was a statistically significant mean loss of
facial height of 0.5 ± 0.9 mm (p < 0.05).

There were no statistically significant

differences in mean facial height between the flap and flapless groups (p > 0.05). Refer
to Table 13.

Change in mid-Lingual Vertical Height.

Lingual height in the flap group

showed a statistically significant mean loss of 0.9 ± 1.3 mm «p < 0.05, Table 13). The
flapless group had a mean loss of 0.7 ± 1.1 mm (p < 0.05). There were no statistically
significant differences in lingual height between the flap and flapless groups (p > 0.05).

Change in Mesial and Distal Vertical Height. Mesial height in the flap group
decreased 0.8 ± 0.8 mm while the distal crest lost 0.9 ± 0.7 mm (p < 0.05, Table 13). In
the flapless group, the mean mesial height decreased 0.2 ± 0.5 mm while the distal height
lost 0.3 ± 0.7 mm (p < 0.05). There were no statistically significant differences between
the flap and flapless groups for either mesial or distal height (p > 0.05).

Histologic evaluation. A high percentage of vital bone was found in both groups
(Table 14). Histologic analysis revealed that flap sites healed with 35 ± 15% vital bone,
19 ± 12% non-vital bone, 46 ± 17% trabecular space. The flapless FDBA sites healed
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with 44 ± 10% vital bone, 17 ± 13% non-vital bone, 39 ± 9% trabecular space. Between
the two groups there was no statistical significance (p > 0.05).

Implant placement. Implants were successfully placed at all treated sites for the
flapless group. Implant placement was delayed at two sites in the flap group: One site
needed sinus augmentation prior to implant placement while the other required
restorative work on adjacent teeth prior to implant placement.

Bone quality. Bone quality was assessed subjectively as Type I through IV for
all sites (Lekholm and Zarb, 1981). The flap group was comprised of one Type I, two
Type II, eight Type III, and one Type IV sites. The flapless group consisted of one Type
I, seven Type II, three Type III, and one Type IV sites (Table 16).

Soft Tissue Thickness. Soft tissue thickness increased from 0.1 to 0.4 mm on the
facial and lingual for both the flap and flapless groups (Table 15). This increase was
statistically significant only on the lingual for both groups (p < 0.05). In the flapless
group the occlusal soft tissue was significantly thicker than the flap group at the 4 month
reentry (p < 0.05).
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Table 11
Clinical Indices for Flap and Flapless Sites
Mean ± sd in index units

w

00

Initial

Final

Change

Plaque

Flap

0.1 ± 0.2

0.2 ± 0.2

-0.1±0.2

Index

Flapless

0.1±0.2

0.0 ± 0.1

0.1±0.2

Gingival

Flap

0.1 ± 0.1

0.0 ± 0.0

0.1 ± 0.1

Index

Flapless

0.1±0.2

0.0 ± 0.1

0.1 ± 0.2

Bleeding
on
Probing

Flap

0.2 ± 0.2

0.1 ± 0.2

0.1±0.3

Flapless

0.2 ± 0.3

0.1±0.2

0.1±0.2

- _..

_-

Table 12
Horizontal Ridge Width for Flap and Flapless Sites
Mean ± sd in mm

w

'-D

Initial

Final

Change

Range

Flap at Crest

8.5 ± 1.5

7.5 ± 1.5

-1.0 ± 1.1 *

-2.5 to -0.9

Flapless at Crest

8.3 ± 1.3

7.0 ± 1.9

-1.3 ± 1.0*

-2.7 to +0.5

Flap at 5 mm

9.2 ± 1.6

8.6 ± 1.4

-0.6 ± 1.0

-2.5 to 1.5

I Flapless at 5 mm
* = p < 0.05 between initial and 4-month values

8.0 ± 1.6

Table 13
Vertical Ridge Height Change for Flap and Flapless Sites
Mean ± sd in mm

Location

Flap

Flapless

Flap

Mean Change ± sd in mm

.j::>.

o

Flapless
Range in mm

Mid-Buccal

-0.9 ± 1.3*

-0.5 ± 0.9*

-2.5 to 2.5

-2.0 to 1.0

Mid-Lingual

-0.9± 1.3*

-0.7 ± 1.1 *

-2.5 to 1.0

-2.5 to 1.5

Mesial

-0.8 ± 0.8*

-0.2 ± 0.5*

-2.2 to 0.5

-1.0 to 0.7

Distal

-0.9 ± 0.7*

-OJ ± 0.7*

-1.8 to 0.2

-1.8 to 1.0

* = p < 0.05 between initial and 4-month values

Table 14
Histologic Data at Implant Placement for Flap and Flapless Sites
Mean± sd

Group

Time

n

% Vital

% Non-vital

% Trabecular

Flap

4 month

12

35 ± 15

19 ± 12

46 ± 17

Flapless

4 month

12

44± 10

17 ± 13

39 ± 9

.;:..
>-'

Table 15
Soft Tissue Thickness Change for Flap and Flapless Sites
Mean ± sd in mm

Initial

Final

Change

Range

Buccal

1.1 ± 0.5

1.3 ± 0.6

0.2 ± 0.7

-1.2 ± 1.4

Lingual

2.0 ± 1.0

2.3 ± 1.3

0.3 ± 0.7*

-1.4 ± 1.6

Flap

1.7 ± 0.5

Occlusal

1.2 ± 2.9

Flapless

I

.j:>.

tv

,

I

Buccal

0.9 ± 0.4

1.0 ± 0.4

0.1 ± 0.3

-0.4 ± 0.6

Lingual

2.3 ± 0.5

2.7± 0.5

0.4 ± 0.5*

-.0.6 ± 1.3

Occlusal
* = p < 0.05 between initial and 4-month values

+ = p < 0.05 between flap and flapless groups

2.3 ± 0.8+

0.8 ± 3.1

Table 16
Bone Quality at Implant Placement

n

Type 1

Type 2

Type 3

Flap

12

2

8

FlapJess

12

7

3

Type 4

_____ ... 1

..j:l.

w

Table 17
CEJ to Osseous Crest Change at Adjacent Teeth
Mean ± sd in mm

n

Initial

Final

Change

Mesial

11

3.8 ± 1.8

4.1 ± 1.4

-0.3 to l.l

Distal

9

4.3 ± 1.0

4.2 ± 1.5

0.1 to 1.0

Mesial

12

3.6 ± 0.9

3.8 ±0.8

-0.2 to 0.7

Distal

10

4.2 ± 1.5

4.3 ± 1.5

-0.1 to 0.9

Flap

Flapless
~
~

Table 18
Tooth Type Analysis of Crestal Width Change from 4 U of L Ridge Preservation Studies*
Mean ± sd in mm

Tooth Type

n

Initial

Final

Change

Maxillary Incisor

19

7.8 ± 1.0

6.3 ± l.3

-1.5 ± 1.0

6.1

5.1

-1.0

Mandibular Incisor

~

VI

Maxillary Canine

4

8.8 ±0.9

7.3 ± 1.9

-1.5±1.0

Mandibular Canine

2

7.9±2.6

8.1 ± 2.3

0.2 ± 0.2

Maxillary Premolar

51

9.5 ± 1.1

8.4 ± 1.3

-1.1 ± 1.1

I Mandibular Premolar

9

8.4 ± 1.4

7.9 ± 1.0

-0.5 ± 0.9

*Iasella, Vance, Adams, Siu

Table 19
Comparison of Histologic Data from Three Studies
Mean

Study

±

sd

Treatment

Time

n

% Vital

% Non-vital

% Trabecular

% Amorphous

FDBAlBioMend

4 - 6 mo

12

28 ± 14

37 ± 18

26 ± 11

9±6

Extraction

4 - 6 mo

10

54 ± 12

*

34 ± 12

12 ± 9

Calmatrix

4mo

12

61 ± 9

3±3

32± 10

4±4

BioOss

4mo

12

26±20

16 ± 7

54 ± 15

4±6

Block

4mo

8

33 ± 25

24 ± 18

38 ± 15

4±4

DBM

4mo

2

56±9

5±5

37 ± 5

1± 2

Iasella et al.

2003

Alone

+>0'1

Vance et al

2004

Cordini et al.

2005

*=

No non-vtal bone present since there was no graft placed

CHAPTER IV
DISCUSSION

In this 4 month randomized, controlled, blinded clinical study of ridge
preservation a flapless technique was compared to a flap reflection technique. For both
groups the socket was grafted using a mineralized particulate allograft mixed with a
demineralized bone matrix plug allograft and a calcium sulfate barrier. There were no
statistically significant differences in ridge dimension changes between groups although
there was a trend toward slightly less loss of ridge height for the flapless group.
In this study there were no statistically significant differences in the change in
horizontal ridge width between groups. The flapless group showed a loss in ridge width
of 1.3 mm, which was slightly greater than the flap group of 1.0 mm.
Ridge preservation studies show substantially improved final ridge dimensions
when compared to treatment by extraction alone (Lekovic et al. 1997, Lekovic et al.
1998, Iasella et al 2003). Extraction alone most often leads to extensive ridge resorption.
In general, the longer the time period studied, the greater the ridge resorption reported
(Lekovic et al. 1997, Lekovic et aI. 1998, Schropp et al. 2003, Iasella et al. 2003). The
ridge width dimension is compromised to a greater degree than ridge height that, in
general, is minimally affected. Ridge preservation does not totally eliminate loss of ridge
width and most studies show that some minimal loss still occurs.
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This study showed more loss of ridge dimension with a preservation procedure
than 2 of the earlier studies at this institution (Iasella et al. 2003, Vance et al. 2004), but
less than one previous study (Adams et al. 2006, Table 20). This intermediary result may
be due to the number of maxillary incisor and canine sites treated. Iasella et al. (2003)
included 4 maxillary anteriors, Vance et al. (2004) included 3, and Adams et al. (2006)
included 10. This study included a total of six, 1 in the flap group and 5 in the flapless
group. In general, maxillary incisor or canine sites tend to have less initial and final ridge
width than the maxillary and mandibular premolars we have previously tested. All of the
sites in this study that ended with compromised crestal ridge width were of the maxillary
incisor or canine tooth type. They also had resorption near the maximum end of the
range. Additional studies of incisor and canine tooth types are needed to determine the
best treatment for these sites.
Both groups lost ridge height at all locations (mid-buccal, mid-lingual, mesial and
distal). Although these changes were not statistically significant between groups, the
flapless group showed less loss of ridge height than the flap group. The flap group
showed a loss of ridge height of about 0.8-0.9 mm at all locations. The flapless group
showed the greatest loss at the mid-lingual site (0.7 mm), and the least at the mesial site
(0.2 mm, Table 13).
Trephine cores were taken from the center of the grafted socket at 4 months for
histomorphometric analysis. There was about 40% vital bone and 18% non-vital bone
(residual graft particles) in each group with no statistically significant difference between
groups (Table 14). This is consistent with previous reports of the 4 to 6 month histologic
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composition of the ridge following placement of FDBA into grafted sockets (lasella et al
2003, Adams et al. 2006, Table 19).
The soft tissue increased in thickness by a mean of 0.2 mm in both groups (Table
15). An increase in soft tissue thickness may provide better protection for the graft and,
ultimately, better implant esthetics by providing a thicker soft tissue cover to hide any
show through of metallic color.
The degree of undercut was a significant factor in determining whether the
implant was placed totally within bone. The greater the degree of undercut, the more
likely that the implant placement would be compromised by bone dehiscence or
fenestration. Approximately 50% of the flapless group had a fenestration while none of
the flap group was affected. This was due, in part, to the option to graft the undercut
area. Four undercut areas in the flap group received an overlay graft. That option was
not available for the flapless group leading to the greater incidence of fenestration. This
problem occurred at 4 sites in the maxillary anterior area and 2 sites in the premolar area.
The undercut may lead to fenestration of the implant, even if there is adequate crestal
ridge width to allow for implant placement. When the undercut is severe a substantial
portion of the implant may not be within bone.
Implant placement was delayed at two sites (a maxillary premolar and a
mandibular premolar) in this study. One site needed sinus augmentation prior to implant
placement while the other required restorative work on adjacent teeth prior to implant
placement.
This study evaluated loss of crestal width in extraction sites with at least one
adjacent tooth. Eighteen of 24 sites had 2 adjacent teeth. Loss of crestal width may be
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greater when there are no adjacent teeth, especially when all teeth in an arch are being
removed. Thus the means and ranges reported in this study may not be generalizable and
should be limited in application to sites with adjacent teeth. Further study is warranted to
document the resorptive response when an arch is edentulated.
Based on the results of this study, the changes in ridge dimensions did not show
any statistically significant differences between the flap or flapless ridge preservation
techniques.

Frequency data, however, indicated that the flapless ridge preservation

technique is most appropriate in sites not affected by an undercut. Thus, as with most
procedures, there are indications and contraindications, for use of the flapless technique.
The flapless approach is best suited to sites without an undercut, while a flap reflection
approach permits grafting of the undercut. If the goal is to place an implant totally within
bone, the degree of undercut should be considered when choosing a ridge preservation
technique.
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CHAPTER V

CONCLUSIONS

Within the limits of this study design it may be concluded that:

1) Crestal ridge width was preserved to the extent that an implant could be placed for

both the flap and flapless groups. There were no statistically significant differences (p <
0.05) between the two groups.
2) Loss of ridge height was clinically insignificant and less than 1 mm for both groups.
There were no statistically significant differences between the two groups.
3) The percentage of vital and nonvital bone was similar for both groups and there were
no statistically significant differences (p > 0.05) between groups.
4) Soft tissue thickness was increased for all surfaces (facial, lingual and occlusal). The
increase was statistically significant only for the lingual.

There was a statistically

significant difference between groups (p < 0.05) only for the occlusal surface.
5) There was a greater incidence of implant fenestration (6 of 12) for the flapless group
while there was no fenestration in the flap group.
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Table 20
Horizontal Ridge Width Loss from previous U of L studies
Mean ± sd in mm

Initial

Final

Change

lasella FDBA

9.2 ± 1.2

8.0 ± 1.4

-1.2 ± 0.9

Vance Calmatrix

8.9 ± 1.8

8.4 ± 1.5

-0.5 ± 0.7

Vance BioGidelBioOss

9.7 ± 1.1

9.2 ± 1.1

-0.5 ± 0.8

Adams Intra FDBA

9.4 ± 1.2

7.4 ± 1.5

-2.0 ± 0.9*

Adams Overlay FDBA

8.5 ± 1.0

7.1 ± 1.2

-1.4 ± 1.0*

SinFlapDBM

8.5 ± 1.5

7.5 ± 1.5

-1.0 ± 1.1 *

Sin Flapless DBM

8.3 ± 1.3

7.0 ± 1.9

-1.3 ± 1.0*

* =p < 0.05 between initial and 4-month values
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Table 21
Soft Tissue Thickness changes in Ridge Preservation!Augmentation Sites
Mean ± sd in mm
~tudylYr

Treatment

B

~asella 03

Extr

0.4

0.5

~ance04

Calmatrix

0.1

-0.1

IKirkland 00

Guidor

-1.1

~asella 03

Biomend Ext

-0.1

-0.6

Vance 04

BioGide

-0.2

0.0

Cordini

ADMg-Block

0.3

0.5

0.3

Cordini

ADMg-Flex

0.6

0.0

0.1

Lahey

ADM-Block

0.3

0.8

0.4

Lahey

ADM-Partie

0.6

0.3

0.3

Adams

ADM-Intra

0.9

0.8

Adams

~DM-In-Ov

0.7

0.8

Sin

iAap FDBA

0.2

0.3

Sin

iAapless FDBA

0.1

0.4
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0

-1.5

L

-0.8

Figure 2. Flap Case #1

a) Post-Extraction Facial

b) Post-Extraction Occlusal

c) Ridge at Reentry Buccal

d) Ridge at Reentry Occlusal

e) Implant Placement Facial

f) Implant Placement Occlusal
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Figure 3. Flap Case #2

a) Post-Extraction Facial

b) Post-Extraction Occlusal

c) Ridge at Reentry Buccal

d) Ridge at Reentry Occlusal

e) Implant Placement Facial

f) Implant Placement Occlusal
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Figure 3. Flapless Case #1

a) Post-Extraction Facial

b) Post-Extracti on Occlusal

c) Ridge at Reentry Buccal

d) Ridge at Reentry Occlusal

e) Implant Placement Facial

f) Implant Placement Occlusal

56

Figure 4. Flapless Case #2

a) Post-Extraction Facial

b) Post-Extraction Occlusal

c) Ridge at Reentry Buccal

d) Ridge at Reentry Occlusal

e) Implant Facial & Fenestration

f) Graft & Collagen Membrane
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Appendix A

The Plague Index

The plaque index of Silness and Loe (1964) will be measured. Scores will be as
follow:

0- No plaque
1 - A film of plaque adhering to the free gingival margin and adjacent area of the tooth.
The plaque may be seen in situ only after application of disclosing solution or by
using the probe on the tooth surface.
2 - Moderate accumulation of soft deposits within the gingival pocket, or on the tooth and
gingival margin, which can be seen with the naked eye.
3 - Abundance of soft matter within the gingival pocket and/or on the tooth and gingival
margin.

Each gingival unit (buccal, lingual, mesiobuccal, distobuccal, mesiolingual, and
distolingual) of the individual tooth was given a score from 0-3, called the plaque index
for the area. The scores from the 6 areas of the tooth were added and divided by 6 to give
the plaque index for the tooth.
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Appendix B

Ginl:ival Index

The gingival index of Loe (1967) will be measured for the test and control sites.
Scores will be recorded as follows:

o = Normal gingiva.
1 = Mild inflammation - slight change in color slight edema, no bleeding on probing.
2 =Moderate inflammation - redness, edema, and glazing, bleeding on probing.
3 = Severe inflammation - marked redness and edema, ulceration and tendency to
spontaneous bleeding.

Each gingival unit (mesiobuccal, buccal, distobuccal, distolingual, lingual,
mesiolingual) of the tooth will be given a score 0-3. The scores for each unit will be
added together and divided by 6 to give the gingival index for that tooth. The score of the
test tooth and the two adjacent teeth will be added and divided by 3 to give the gingival
index for the test of control sites.
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AppendixC

Bleedin~

on Probin~ Index

Tagge et al. (1975) reported on the use of an index of bleeding upon probing to show
the amount of hemorrhage within the periodontal sulcus. The following is the index used
to record bleeding on probing:

o = No bleeding
1 = Mild - a bleeding point appearing 10 to 30 seconds after withdrawing the probe.
2 = Moderate - bleeding when probing produces an almost immediate, but noncontinuous bleeding.
3 =Severe - bleeding when gentle probing elicits immediate and continuous
bleeding.
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Appendix D

Standardized Radio~raphic technigue

An occlusal stent was used to provide a stable foundation for the radiograph
holder. A light cured resin material was placed on a Rinn radiograph holder and
positioned to allow as near as possible paralleling technique. This material was light
cured so that standardized radiographs can be compared. Radiographs were taken at
baseline and 4 months.
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AppendixE

Arithmetic determinations:

Ridge width (Post-extraction)

=A digital caliper was used to measure total ridge width

to the nearest 10-2 mm at one point, mid socket, at the alveolar crest and 5 mm
from the alveolar crest.

Ridge width (4 month re-entry)

=Again, a digital caliper measured total ridge width to

the nearest 10-2 mm at one point, mid socket, at the alveolar crest and 5 mm from
the alveolar crest.

Change in alveolar crest - direct

= Initial: stent to alveolar crest minus re-entry stent to

alveolar crest.

Alveolar Crest Width

= Crestal

width was measured with digital calipers during the

initial surgical appointment and evaluated to determine if a relationship exists
between ridge width and height and the thickness of the crestal bone.

Tissue thickness = [Initial: SDM gingival thickness meter 3 mm apical to the soft tissue
crest on buccal and palato/lingual] - [4 month SDM gingival thickness meter 3
mm apical to the soft tissue crest on buccal and palato/lingual with the addition
of one measurement at the center of the occlusal aspect of the ridge].
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AppendixF

Stent fabrication

Rigid stents were made of 3 mm thick light cured resin material in order to
provide reproducible measurements. The tooth to be extracted was ground off the model
and the light cured resin material was pressed over a cast. Three channels were prepared
on the labial and three on the palatollingual aspect of the stent in which a North Carolina
periodontal probe was placed so that mesial, mid and distal measurements could be made
on the labial and palato/lingual aspects of the crestal bone. Additionally, two channels
were also prepared on the occlusal portion of the stent to provide measures of mesial and
distal occlusal ridge height. Holes were prepared with a high-speed hand-piece. In this
way, reproducible probing spots and directions of probe insertions were possible.
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Appendix G

Histolo~ic

Analysis

Ten serial sections from each study subject were stained and made available for
histologic analysis. Three slides and two fields per slide (6 fields in total) will be
randomly selected from to evaluate the percent vital bone, percent non-vital bone, percent
trabecular space, and number of osteoblasts using a reticle (with a 10 X 10 boxed field) at
a power of 150X. A box is to be counted as containing a specific histologic tissue if it
was filled 90% or more by the respective tissue. The mean percentages of the various
histologic components will be tabulated and reported as mean percentages.
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